Comparison of numerical and experimental results shows good agreement.
Verification is principally a mathematical and computer science issue (Roache a) , which consists of two steps:
1. Code verification, its assessment consists of accumulating evidence certifying that the code does not have algorithmic or programming errors.
Solution verification is based on the accumulation of evi-
dence that a specific calculation is correct and accurate, and requires confirmation of grid convergence (Ober-
kampf & Trucano ).
Validation is primarily a physical sciences issue (Roache a) , which shows the assessment of the accuracy of a computational model by comparison with experimental data, direct numerical simulation (DNS) or analytical solution, when available. In other words, according to Roache () verification is 'solving the equations right'
and validation is 'solving the right equations'.
CFD was one of the first fields to seriously begin developing concepts and procedures for V&V methodology.
There are a number of authors who have contributed to Morvan ).
Furthermore, work on CFD based on large eddy simulation (LES) has been performed by Sterling et al. () to detail the physics of rectangular channel flows.
Despite all these applications, there has been almost no attention given in compound channel flow studies to the 
GRID CONVERGENCE INDEX (GCI)
The GCI was proposed by Roache () and it represents a simple method for reporting grid-convergence studies without any restriction to integer refinement (e.g., grid dou- For three-dimensional (3D) calculations, a local grid size h i was calculated using
where ΔV i is the volume of the ith cell, and N is the total number of cells of the calculation domain. In this paper, the local cell size was used since the variables of interest were local, i.e. all local quantities depended on the position within the cross-section. Local approximate relative error was calculated using:
Roache () defined the GCI for a particular grid as the error estimate multiplied by a factor of safety F s :
where F s ¼ 1.25 has been adopted in this paper (Roache ). 
Method of analysis
Determination of the GCI in this paper, as described above, is based on the solution of large-and small-magnitude, yet very important, variables of interest. Particularly, all three water velocity components, turbulence kinetic energy (TKE), dissipation and Reynolds stresses, obtained with three different meshes were considered in the analysis. By calculating a GCI on three meshes and looking at the behaviour of GCI terms between two adjacent grids (i.e., between 
RESULTS AND DISCUSSION

Verification (GCI)
Since mesh doubling was not performed, for inter-mesh point-to-point comparison purposes, a cubic interpolation was performed between meshes 1 and 3 and meshes 2 and The averaged values over the cross-section, GCI and p, are given in Table 1 with the mesh refinement, thus GCI21 shows better results than GCI32. The averaged apparent order of accuracy p is always higher than the algorithm order (2nd order). It should be mentioned that for all variables there are negative values of local p i near the wall, which means that asymptotic convergence is not achieved in that region.
The cross-section contours GCI21 and GCI32 for three velocity components, TKE, dissipation and tangential Reynolds stresses are presented in Figure 3 . The scales in closer to the algorithm order (2 nd order).
All contours of GCI presented in Figure 4 show similar patterns; the white zones, that represent the areas where GCI is higher than 5%, are localized in the same positions as for the non-refined meshes (Figure 3 ), except for TKE and dissipation where those areas are pushed into the FP wall in the refined meshes. There are some nodes where the GCI is much higher than the average GCI of the crosssection, especially close to the wall where a special mesh Figure 3 ) and after refinement (Figure 4) , we can conclude that the area of white zones, where the GCI is higher than 5%, has decreased significantly according to the mesh refinement performed in the mixing (shear) layer region. However, the averaged GCI value for
Reynolds stress RSxy has increased in comparison to the non-refined mesh results (Tables 1 and 2 , respectively), which is very likely due to the non-uniform spatial procedure of grid refinement and the high sensibility of this low magnitude variable to numerical inaccuracies. These inaccuracies are well explained by the lack of good resolution of the Analysing the last GCI results (Table 2) we can conclude that the numerical scheme is of an acceptable accuracy, especially for the u velocity component since the GCI is less than 1%. However, when the secondary variables are considered, like v and w components of velocity, and
Reynolds stresses RSxy and RSyz, the GCI values are dramatically high. Therefore, the typically very small v and w components, which are around 1-2% of the maximum streamwise velocity, are largely affected by interpolation and discretization errors implicit in calculation of the GCI (Equations (4) and (5) 
Linear regression analysis between meshes
In order to gain insight into discrepancies in the GCI values, 
CONCLUSION
In this paper, the GCI method was adopted for the verification of 3D CFD simulations of compound channel flow. The GCI is a recognized technique which follows a standard editorial policy statement for the control of numerical accuracy.
The verification has shown that when meshes 1, 2 and 3 are considered for calculations, the GCI has the smallest values for downstream component of velocity (u) and the highest for higher order parameters. After the refinement of the mesh, although some improvements in GCI can be observed, the higher order variables still present an oscillating GCI behaviour, either increasing from coarse to finer meshes or from non-refined to refined meshes. It must be noted that the high GCI values are mostly due to a few number of cells located near the walls, where clearly one cannot assume that asymptotic convergence is achieved.
In addition to the GCI method, the authors have Summarizing, it can be stated that the methods for solution verification used in this paper, GCI method and linear regression analysis, are good for assessing the credibility of the simulations. From the discussion above, it is clear that, although the GCI method is mathematically well-founded, when small value variables are considered the method should be complemented with other methods, such as linear regression analysis.
